ABSTRACT. Preeclampsia is major cause of maternal and fetal morbidity and mortality. Currently, the etiology of preeclampsia is unclear. In this study, we investigated differences in gene expression between preeclampsia patients and controls using partial least squaresbased analysis, which is more suitable than routine analysis. Expression profile data were downloaded from the Gene Expression Omnibus database. A total of 503 genes were found to be differentially expressed, including 248 downregulated genes and 255 overexpressed genes. Network analysis identified 5 hub genes, including UBB, PIK3R1, MAPRE1, VEGFA, and ITGB1. Three of these, PIK3R1, VEGFA, and ITGB1, are known to be associated with preeclampsia or preeclampsia-6599 PLS analysis in preeclampsia ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 6598-6604 (2015) related biological processes. Our findings shed light on expression signatures of preeclampsia patients that can be used as theoretical support in future therapeutic studies.
INTRODUCTION
Preeclampsia, which is a major cause of maternal and fetal morbidity and mortality, is a pregnancy-specific medical condition characterized by high blood pressure and proteinuria (Sibai et al., 2005) . Currently, the etiology of preeclampsia is uncertain. Understanding the underlying molecular mechanisms of this disease would be helpful for further therapeutic studies.
Recently, the development of high-throughput gene expression profiles has greatly facilitated the identification of molecular signatures underlying the pathogenesis of complex diseases. Several gene expression studies (Lapaire et al., 2012; Louwen et al., 2012; Meng et al., 2012; Zhou et al., 2013) have been conducted to investigate expression differences between preeclampsia patients and healthy controls. The major challenge for microarray analysis is to develop a suitable statistical model to deal with the small sample number and large number of genes. Previous studies mainly implemented variance or regression analysis, omitting arrayspecific factors, including different biological and relevant environmental factors. Previous studies (Ji et al., 2011; Chakraborty et al., 2012) have proposed that partial least squares (PLS) analysis is effective for solving feature-selection problem with microarray data. Compared with routine analysis, the PLS method is more sensitive and shows high specificity and a low false discovery rate and false non-discovery rate. Characterizing gene expression signatures in preeclampsia patients with PLS analysis may increase the understandings of its pathogenesis.
In this study, we used PLS analysis to investigate gene expression differences between preeclampsia patients and healthy controls. Gene expression data were downloaded from the Gene Expression Omnibus (GEO) database. To identify the biologically relevant signatures, pathways and Gene Ontology (GO) items significantly overrepresented with dysregulated genes were determined. We also constructed an interaction network with proteins encoded by selected genes to identify key molecules related to gene expression differences. Our results will increase the understanding of the pathogenesis of preeclampsia.
MATERIAL AND METHODS

Microarray data
The expression profile GSE35574 used in this study was downloaded from the GEO (http://www.ncbi.nlm.nih.gov/geo/) database. This series represents the transcription profile of 19 preeclamptic and 40 control placentas. The data set was based on platform GPL6102: Illumina human-6 v2.0 expression beadchip.
Detection of differentially expressed genes
Raw data for all 59 samples were downloaded from the GEO database and were normalized using robust multi-array analysis (Irizarry et al., 2003) . PLS analysis was then carried out to estimate the effect of each probe in preeclamptic and control samples as follows: first, a non-linear iterative PLS algorithm (Martins et al., 2010) was used to calculate PLS latent variables; second, the number of latent variables was determined using a 4-fold cross validation (30 times) to avoid model over-fitting; third, the variable importance in the projection (Gosselin et al., 2010 ) was used to assess the effect of probe expression on the disease status of the subjects. Finally, the false discovery rate of all probes was calculated according to the empirical distribution of PLS-based variable importance in the projection, which were obtained using a permutation procedure (N = 10000). Probes with a false discovery rate less than 0.01 were considered to be differentially expressed and were used for further analysis.
Enrichment analysis
All probes were annotated based on the simple omnibus format in text format files. To capture biologically relevant signatures of the selected genes, we carried out Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway (Kanehisa and Goto, 2000) and GO (Ashburner et al., 2000) enrichment analysis. All genes were mapped to both databases, and the hypergeometric distribution test was used to identify biological processes that are overrepresented for the genes selected.
Network analysis
Protein-protein interactions are important for all biological processes (Stelzl et al., 2005) . Proteins encoded by genes selected with a large number of interactions may play more important roles in the biological differences between patients and healthy samples. To identify key molecules, network analysis was carried out using the Cytoscape software (V 2.8.3, http://www.cytoscape.org/) (Shannon et al., 2003) and the National Center for Biotechnology Information (NCBI) database (http://ftp.ncbi.nlm.nih.gov/gene/ GeneRIF/). Proteins with a degree (number of interactions) of more than 10 were considered to be hub molecules.
RESULTS
According to the cross-validation results, we selected 10 PLS latent variables that resulted in the highest classification accuracy (Figure 1 ). A total of 503 genes were identified to be differentially expressed, including 248 downregulated genes and 255 overexpressed genes. Pathway enrichment analysis revealed 8 pathways overrepresented with differentially expressed genes (Table 1) , including 1 signal transduction pathway, the vascular endothelial growth factor (VEGF) signaling pathway. Other pathways mainly involved cellular processes and genetic information processing processes. GO analysis identified 10 items enriched with genes selected (Table 2) . Consistent with pathway analysis, items involved in the cellular process were also identified. In addition to the pathway results, items related to the cell cycle were found to be overrepresented by differentially expressed genes. The interaction network of proteins encoded by differentially expressed genes is illustrated in Figure 2 . Five proteins were identified to be hub molecules, including UBB, PIK3R1, MAPRE1, VEGFA, and ITGB1. Three of these, PIK3R1, VEGFA, and ITGB1 are known to be associated with preeclampsia or preeclampsia-related biological processes (Table 3 ). 
DISCUSSION
Gene expression profiling is a powerful method for investigating the pathogenesis of preeclampsia. It is important to create an effective statistical model to handle the small sample and large number of genes. In this study, we used a PLS-based model, which has been reported to be sensitive and reliable, to identify dysregulated genes in preeclampsia.
Pathway and GO item enrichment analysis revealed that dysregulated biological processes were mainly related to cellular processes. This is consistent with the findings of previous studies. For example, in the lysosome pathway, excretion of lysosomal enzymes is considered to be a potential diagnostic or predictive marker in preeclamptic women (Jackson et al., 1996) as proximal tubule epithelial injury in preeclampsia patients leads to the release of lysosomal enzymes.
Network analysis, which aims to identify key genes among the differentially expressed genes, identified that UBB was the hub gene with the highest degree (Figure 2 , Table  3 ). This gene encodes the ubiquitin B protein, and this is the first report of the involvement of this gene in the pathogenesis of preeclampsia. Although no previous studies have reported a relationship between this gene and preeclampsia, dysregulation of the ubiquitin-mediated degradation process has long been considered to be associated with the pathophysiology of preeclampsia (van Dijk et al., 2010; Cayli et al., 2012) . Therefore, the potential association between this gene and preeclampsia should be further investigated. PIK3R1 is another hub gene and showed the second highest degree (Figure2, Table 3 ). This gene encodes the regulatory subunit of the phosphoinositide-3-kinase (PI3K). Because of the importance of PI3K signaling in endothelial cell migration (Graupera et al., 2008) and endothelial dysfunction in preeclampsia patients, dysregulation of this gene may contribute to the pathogenesis. Two other genes, VEGFA and ITGB1, have been reported to be related to preeclampsia in previous studies Li et al., 2013) . Identification of VEGFA agrees with our pathway analysis, as the VEGF signaling pathway showed significant overrepresentation of dysregulated genes. VEGF is a positive regulator of angiogenesis and plays important roles in the development of vascular endothelial cells, the growth of blood vessels, and the progression of vessel permeability (Ferrara, 2004) . A previous study showed that hypoxia-driven disruption of the angiogenic balance involving VEGF may contribute to the symptoms of preeclampsia (Levine et al., 2004) . Our results confirmed the involvement of this gene in preeclampsia, suggesting that as a hub gene, it may serve as a potential therapeutic target. ITGB1 encodes the beta subunit of integrin. Depression of the mRNA of this gene in preeclampsia has been confirmed by reverse transcription-polymerase chain reaction in a previous study (Li et al., 2013) , which is consistent with our results. In humans, during trophobalst invasion, trophoblast cells acquire variations in the integrin phenotype, acquiring integrins a5b1 and a1b1 (Jovanović et al., 2010) . Regulation of normal human trophoblast cell invasion may be important in the mechanisms underlying preeclampsia (Li et al., 2013) . Therefore, further therapeutic studies of ITGB1 and preeclampsia are necessary.
In summary, we carried out PLS analysis to identify differentially expressed genes in preeclampsia. Pathway and GO enrichment analyses were also used to identify biologically relevant signatures of dysregulated genes. We also constructed an interaction network to identify key hub genes. Our results increase the understanding of the pathogenesis of preeclampsia.
